ABSTRACT
INTRODUCTION
Podded propulsion, an integrated propulsion and steering system is known for nearly half a century [1] .This type of propulsion has many advantages in comparison with traditional propeller-rudder set, e.g. vibration reduction and flexibility of internal design arrangement. But the most important advantage is its better manoeuvrability.
Although the good manoeuvring abilities of podded ships are known the manoeuvring characteristics are still not fully recognized. Standard experiments with free running propellers are not sufficient because the interaction effects between propeller and pod housing are very difficult to predict. Therefore it is advisable to carry out model tests with different podded drives to get data basis for the forces and moments at different steering angles [2, 3] . It is important to collect data for many possible pod configurations, e.g. push, pull, single or twin set.
The knowledge of the forces and moments acting on the propeller and podded drive at different steering angles is necessary for design and optimisation of azimuthing propulsion systems. Also information about wake velocity field is important in design aft part of the hull and possibly also skegs or additional rudders [4] . 
MODEL OF THE PODDED DRIVE

TEST FACILITY AND PLAN OF THE EXPERIMENT
The open water tests were carried out in the cavitation tunnel and in the large towing tank of Ship Hydromechanics Division, Ship Design and Research Centre in Gdańsk, (OHO-CTO). Measurements were conducted at the constant number of revolutions equal to 900 rpm. The carriage velocities were so established as to obtain advance coefficient of 0.2; 0.4; 0.6; 0.8. The experiments were performed for thirteen deflection angles in the range from -45°up to +45°, with the step of 5° from -15°to +15°and 10 within the rest of the range. Forces on the bare pod, i.e. without propeller, were also measured. The positive deflection angle and directions of forces are shown in Fig.3 . 
RESULTS
All the results are presented in the traditional non-dimensional form by applying the following formulae :
where :
The thrust and normal force were calculated by applying the following transformation from the towing tank coordinate system to the propulsor coordinate system : Results of the measurements of the forces on the bare pod are presented in the figures below. The experiment was made for one advance coefficient equal to 0.6 and for five deflection angle values : ±45°, ±10°, 0°. the longitudinal force coefficients show parabolic dependence on deflection angle, with the tendency to reduction for higher angles. For positive deflection angles the reduction of longitudinal force coefficients is higher than for negative ones (Fig.9) the transverse force coefficients are approximately linear in function of deflection angles, with deviation to higher values for larger deflection angles and advance coefficients.
In the vicinity of 15° deflection angle a little disturbance is observed (Fig.10) the thrust coefficients depend strongly on deflection angles and propeller loading. For both steering directions the thrust is increasing but its increase is visibly stronger for negative deflection angles (Fig.11) the normal force coefficients behave like the transverse force coefficients, i.e. approximately linear in function of deflection angle, however with a faster increase for higher advance coefficients. Like in the case of the transverse force coefficients a little disturbance is visible in the vicinity of 15° deflection angle (Fig.12) .
To calculate the coefficients of forces in function of advance coefficient the following formulae were applied :
U CAR -towing carriage velocity.
for smaller pod deflection angles the longitudinal force coefficients are decreasing faster than for higher ones. The nature of the dependence is similar to that of a classic propeller (Fig.13) for small pod deflection angles up to 15°, the transverse force coefficients depend almost linearly on advance co- efficient; for higher angles the dependence is changing to parabolic one (Fig.14) the thrust coefficients in function of advance coefficient are decreasing but for positive pod deflection angles the decreasing is independent on deflection angle value ( the normal force coefficients show tendency to change their character from linear to parabolic for higher pod deflection angles in function of advance coefficient (Fig.16 ) Fig.17 introduced to summarize the content of the previous figures shows proportion of thrust force and normal force between positive and negative pod angle. The value of 100% represents the thrust force and normal force for the positive direction of pod angle. For the negative pod deflection angles the absolute value of normal force was used. Deflection angle [deg] the relationship shows tendency to be linear in the vicinity of in the range of
. The exception to the tendencies is visible at J = 0.00. For small advance coefficients the normal force coefficient ratio is smaller than for higher ones the ratio of the thrust coefficients shows tendency to increase for small pod angles up to 10°, and to decrease for higher deflection angles. This tendency is more visible for higher advance coefficients.
CONCLUSIONS
To summarize results obtained from the towing tank tests the following conclusions may be presented :
the presented results clearly show the typical hydrodynamic characteristics of azimuthing podded propulsion the asymmetries in values of the force coefficients for positive and negative deflection angles are due to the influence of the direction of propeller rotation (to the right) with positive pod angle a negative normal force is produced and vice versa, which results in a destabilizing moment tending to increase the turn rate the increase of thrust coefficients for higher deflection angles is induced by reduction of axial inflow velocity which involves reduction of advance coefficient for deflection angles larger than 15° the thrust and normal force coefficients are from 10% to 30% smaller than for the corresponding positive deflection angles, which is caused due to the interaction between right -handed propeller and podded drive.
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NOMENCLATURE
